Zinc sulphate (ZnSO 4 .7H 2 O), an inorganic material has been crystallized by an isothermal evaporation method. ZnSO 4 .7H 2 O is highly soluble in water and the solubility is found to be increased almost linearly with the increase of temperature. At room temperature around 34C, the solubility was found to be 92.41 gm/50 ml. The FT-IR spectroscopy was performed on pure zinc sulphate crystals to identify the presence of functional groups. The grown crystals have been subjected to powder X-ray diffraction to determine the unit cell dimensions and the crystal structure. The lattice parameters are found to be, a = 9.9810 Å, b = 7.2500 Å and c = 24.2800 Å, respectively. The values were in good agreement with those of the reported values. The TGA and DTA study revealed that the grown crystals have good thermal stability. The UV-vis spectrum showed that the material has wide optical transparency in the Ultra-violet region.
INTRODUCTION
Zinc Sulphate Heptahydrate (ZSHH) possesses wide range of applications in the field of telecommunication, solar systems for solar energy storage, coagulation bath for rayon and optical information storage devices. The search for new frequency conversion materials over the past decade has led to the discovery of many organic materials with high nonlinear susceptibilities. However, their often inadequate transparency, poor optical quality, and lack of robustness, low laser damage threshold and inability to grow into large size have impeded the use of single crystal in various devices. Recent interest is centered on inorganic crystals because pure inorganic materials typically have excellent mechanical and thermal properties. Crystallization of heptahydrate sulphate material such as zinc vitriol (ZnSO 4 .7H 2 O) of high purity has become an important field of research for both academic and industrial applications in various areas like medical, agricultural and chemical industry (Ema et al.1998 , Ikeya et al. 2000 . The pure zinc sulphate crystals were grown at low temperature from aqueous solutions (Kasatkin 2002 , Ramalingom et al. 2001 , Sgualdino et al. 1987 , Tomas et al. 1969 The zinc vitriol is included in a group of heptahydrate sulphate with the general formula RSO 4 .7H 2 O (R = Zn, Mg, Ni) (Dana and Ford 1985) . ZnSO 4 .7H 2 O belongs to a family of inorganic non linear optical crystal (Dhumane et al. 1998 . Zinc vitriol is used to supply zinc in fertilizers, in making lithopone; in electrolyte for zinc plating; as a mordant in dyeing, as a preservative for skins and leather and in medicine as an astringent and emetic. ZnSO 4 .7H 2 O crystallizes in the orthorhombic structure. During industrial crystallization, the size and shape of the crystal plays an important factor, since the undesirable habits such as plate like or needle like causes the problems of separating, washing or drying (Cano et al. 2001) . The physical properties such as packing density, agglomeration and re-dissolution mainly depend on the shape of the crystal. The main objective of the research was to study the growth mechanism of pure ZnSO 4 .7H 2 O and its different physical properties. Here the synthesis, solubility, structural, optical, and thermal properties of ZnSO 4 .7H 2 O have been reported.
MATERIALS AND METHODS
Analar grade zinc sulphate heptahydrate and doubled distilled water were used in the crystallization process. In the first stage a mother solution of 2000 ml was prepared using recrystallized salt of ZnSO 4 .7H 2 O and stirred well with a magnetic stirrer for 12 hours to attain saturation. The solubility of zinc vitriol was found to increase almost linearly with the increase of temperature. The solution was carefully filtered and distributed equally (200 ml each) in five crystallizers and allowed to evaporate at room temperature. The pure zinc sulphate seed crystals were prepared by the natural isothermal evaporation method. During natural evaporation process, the crystallizers were covered with perforated polyethylene sheet and kept in a dust free chamber. Colorless and transparent ZnSO 4 .7H 2 O crystals were harvested after a period of 4 -5 weeks.
The FT-IR spectrum of the crystal was recorded by KBr pellet technique at room temperature using Shimadzu-IR 470 (Shimadzu Corporation, Tokyo, Japan) from BCSIR laboratory, Dhaka, Bangladesh. All the spectra were recorded in transmittance (%) mode in the region of 4000 to 400/cm. Powder X-ray diffraction was carried out using a Shimadzu X-ray Diffractometer with Mo (Kα) radiation (λ = 1.70688Å) in Atomic Energy Center, Dhaka with an operating applied voltage 30 kV and current 20 mA. Scanning rate was maintained at 1 per minute. The thermo gravimetric analysis (TGA), differential thermal analysis (DTA) and DTG of the powder sample were recorded by using Q50 W/FMC DTA analyzer at heating rate 30C /min in air to find the thermal stability of the as grown crystal. The optical absorption spectrum for grown zinc sulphate crystal was studied in the Ultra-violet region.
RESULTS AND DISCUSSION

Solubility of ZnSO 4 .7H 2 O:
The solubility data at various temperatures are essential to determine the level of super saturation. A small fluctuation in the temperature will effect the super saturation to grow the good quality bulk crystals. Hence the solubility of the solute in the water solvent was determined before starting the growth process. The solubility of ZnSO 4 .7H 2 O has been studied in the temperature range of 34 to 50C. It is clearly seen that ZnSO 4 .7H 2 O is highly soluble in water and the solubility increases almost linearly with the increase of temperature, shown in Fig. 1 . At room temperature around 34 o C, the solubility is found to be 92.41 gm/50 ml of water. Growth rates of the crystal: Mass growth rates of the grown crystals were determined by weighing method (Kubota et al. 1995) . The seed crystals were placed in pure ZnSO 4 .7H 2 O solution in a Petridish and then it was kept in a dust free glass chamber. The weights of the growing crystals were recorded for every 24 hours by a digital balance. After five weeks, the crystals were collected from the solution. The growth rates with respect to the initial mass, G S , is calculated as
where, m o is the initial mass, m is the finial mass, and Δt is the growth time.
Mass growth rates of ZnSO 4 .7H 2 O crystal are presented in Fig. 2 . It was observed that the mass growth rate initially increases gently with time and then it increases rapidly up to a certain time and then it becomes constant. Highly transparent and well faceted large size single crystals with the dimension of 25 × 15 × 8 mm 3 were grown by isothermal evaporation method shown in Fig. 3 . Infrared spectroscopy: The FT-IR of zinc sulphate heptahydrate single crystal was recorded using KBr pellet technique at room temperature by Shimadzu-IR 470 (Shimadzu Corporation, Tokyo, Japan) in the region of 4000 to 400/cm. The absorption due to various functional groups is shown in Fig. 4 . The stretching vibrations of the water molecule are expected in the region 3000-3600/cm (Kanagadurai et al. 2009) , respectively (Herzberg 1960) . The peak observed at 1089.7/cm is attributed to the triply degenerate symmetric stretching mode, (υ (Sivanesan et al. 1993 ).
X-ray diffraction: X-ray diffraction pattern for the powered sample of grown crystal was presented in Fig. 5 . X-ray diffraction was carried out using a Shimadsu X-ray Difratrometer with Mo (kα) radiation (λ = 1.70688Å) with an operating applied voltage 30 Kv and current 20 mA. Scanning rate was maintained at 1 per minute. The indexed pattern of ZSHH is used to calculate lattice parameters. The lattice parameters a, b and c were calculated by using the following formula:
Hence 'd' values were calculated using the Bragg's diffraction law (2d sinθ = nλ), where λ is the X-ray wavelength. The values are a = 9.9810 Å, b = 7.2500 Å and c = 24.2800 Å. These values are found to be in good agreement with that of the reported values (Anderson et al. 2005 , Baur 1964 ).
Thermal analysis (TG, DTA and DTG) : The grown zinc sulphate heptahydrate crystal was crushed into fine powder and thermo gravimetric analysis (TGA) and differential thermal analysis (DTA) were recorded using Q50 W/FMC DTA analyzer in the temperature range from room temperature to 700C at a heating rate of 30C/min (Fig. 6) . The analysis was performed in air atmosphere. The compound is found to be thermally stable up to 70C. The first weight loss occurs in the range of 70 to 120C due to the loss of six water molecules with a sharp endothermic peak in the DTA spectrum. The sample suffers a second weight loss at 260 o C due to the loss of SO 3 molecule and half of a water molecule leaving ZnO.1/2(H 2 O). The TGA curve shows that there is a weight loss of about 32% in the temperature 70 to 120 o C due to dehydration and about 7.5% weight loss due to SO 3 and half of a water molecule loss. The UV-visible spectral studies: The UV-visible spectrum of zinc sulphate heptahydrate was scanned in the range of 200 to 1100 nm, shown in Fig. 7 . The spectrum has low absorbance in between 200 and 400 nm. So the zinc sulphate heptahydrate crystal is expected to be transparent in the UV range and with the increase of a little bit of absorbance in the region of 400 to 1100 nm inferred that the sample is losing transparency which may be due to intrinsic loss mechanism by the interaction of electromagnetic radiation of visible-infrared region. CONCLUSION Pure ZnSO 4 .7H 2 O single crystals were grown from aqueous solutions by isothermal evaporation method. The solubility of ZnSO 4 .7H 2 O has been studied in the range of 34 to 50C. At room temperature around 34C, the solubility was found to be 92.41 gm/50 ml. Good transparent single crystal of ZnSO 4 .7H 2 O was obtained over a growth period of 25 to 30 days. Crystals with the dimension of 25  15  8 mm 3 were grown from aqueous solution by an isothermal evaporation method. The presence of functional groups in zinc sulphate heptahydrate has been identified by FT-IR spectral analysis. The powder X-Ray diffraction study confirms the lattice parameter values. The TG, DTA and DTG results show that the as grown crystal is thermally stable up to 70°C. From the UV spectrum, the zinc sulphate heptahydrate crystal is found to be transparent in the UV region and it could be a useful candidate for optoelectronic applications in visible and infrared region.
